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Introduction
On the afternoon of 2 nd May 1952, the world's first jet-powered commercial air service, a which would rapidly transform patterns and practices of human mobility.
3
The Comet's inaugural commercial service was the result of rapid technological progress that had occurred in the fields of military aircraft design, aerodynamics, material sciences, propulsion, navigation, and avionics both during, and immediately after, the Second World
War. After the conflict ended, much of this new aeronautical expertise was transferred to the commercial aviation sector where it enabled the construction of progressively larger, faster, and more sophisticated passenger aircraft. The development, and subsequent utilisation, of a new generation of jet-powered commercial passenger aircraft revolutionised understandings of time and distance and enabled more people to fly to more places more cheaply and more quickly than ever before. Yet, in addition to embodying all that was exciting and progressive about modernity, the physical size and operating characteristics of these new 'jetliners' presented a new and challenging set of 1 Flight 1952 p.551. 2 Stroud 1977. 3 cited in Hensser 1953 p.5. passenger health concerns which, unlike discourses of military aerospace medicine, social scientists and medical historians have not always drawn attention to. 4 This represents a significant omission. Medical practitioners have long recognised the importance of passenger comfort and the quality of the airborne environment in promoting healthy travel. 5 They have also commented on how predicted growth in passenger numbers combined with an ageing population will exacerbate the medical challenges airlines face. 6 However, no research from within the social or medical sciences has explored the historical relationship between developments in commercial aviation technology and historiographies of airline passenger health.
By way of a corrective, this paper analyses the ways in which commercial jet flight affected passenger health. Our approach is informed by existing studies that have explored the human health implications of different forms of ground and marine transportation, including nineteenth century anxieties surrounding 'railway spine' (a concussion injury of the spinal column which was initially believed to result from vibrations arising from the track) and early twentieth century concerns about the effect of motion sickness and travel fatigue on the occupants of automobiles and ships. 7 We take our cue from the work of Wolfgang Schivelbusch who was one of the first transport historians to consider how the unique kinaesthetic and visual sensations of nineteenth and early twentieth century railway travel affected both the physical and the psychological health of passengers and railway employees. 8 The paper examines the ways in which one pioneer of commercial jet flight, B.O.A.C., responded to the aeromedical implications that the increased size, speed, 4 On which see Bushnell 1960; Gibson and Harrison 1984; Hanrahan 1952 Hanrahan , 1958 Peyton 1968; and Robinson 1973; and Pascoe 2003; Adey 2010 . 5 See Brundrett 2001 Carruthers et al 1976; Haghighat et al 1999; Hinninghofen and Enck 2006; House of Lords 2000 Reid et al, 1986 Reid et al, , 2006 Jacobson 1975, 1976; Strøm-Tejsen et al 2008; Sudoł-Szopińska et al 2007; Whittingham 1953 , 1955 . 6 Coker and Ingram 2006 Cowling et al 2010; Garoon and Duggan 2008. 7 Bissell 2009; Caplan 1995; Erichsen 1867; Ferrari 2010; Harrington 2003; Keller and Chappell 1996.Bennett 1928; Desnoes 1926 . 8 Schivelbusch 1977. range, and cruising altitude of jet aircraft had for passenger health. B.O.A.C. was selected for analysis because; it was the first airline in the world to operate scheduled jet services; it was one of the world's leading international airline brands during the early jet age; and its corporate archives have been preserved. experienced by other international airlines that operated jet aircraft. Consequently, our analysis helps to uncover how the technological, regulatory, and practical development of commercial jet air travel from 1952 onwards changed the social history of aviation medicine by introducing a new set of passenger health concerns that had to be addressed to ensure passenger comfort and the continued financial viability of individual airlines.
Human flight and the development of military aviation medicine
The origins of aviation medicine as a distinct sub-discipline of medical practice can be traced back to the late-eighteenth century when pioneering hot-air balloonists, or aeronauts, began experiencing strange and unnerving physical symptoms at high altitudes. 11 Subsequent atmospheric research revealed that both temperature and atmospheric pressure fell as altitude increased and this discovery helped to explain why significant elevations in altitude could lead to hypothermia, hypoxia (oxygen starvation), and/or promote a range of uncomfortable or embarrassing sensations as gases trapped in the ears, lungs, sinuses, and intestines of aeronauts, expanded.
12
While high altitude aerostatic flight presented a number of thermal and physiological challenges to the human body, which could (relatively easily) be overcome through the provision of warm clothing and supplementary oxygen, the advent of heavier-than-air powered flight in 1903 introduced an additional set of aeromedical concerns. Powered aircraft could fly faster, accelerate quicker, ascend more rapidly, and turn more sharply than hot air balloons and, as a consequence, pilots began encountering debilitating physical sensations and psychological anxieties associated with acceleration, deceleration, spatial (dis)orientation, and g-force. Open cockpits exposed pilots to extremes of temperature and weather, and the noise, vibration, and exhaust fumes 11 Armstrong 1939; Hartwig 1886 . 12 Howard 1977 produced by the (usually nose-mounted) engine were considerable. Gibson and Harrison 2005a; Peyton 1968. 16 See Gibson and Harrison 1984 , 2005a , 2005b Harsch 2000; Jones 2008; Kehrt 2006; Lavernhe, 2003; Peyton 1968; West 1998; Wilmer 1979. price of a ticket. A number of leading aviators, including Britain's Sir Alan Cobham, expressed doubts about ability of 'vulnerable' passengers, including infants, the elderly, and the infirm, to withstand the rigors of flight and to adjust to sudden changes in climatic conditions between their point of embarkation and destination. 17 Medics and clinicians, meanwhile, articulated concern about the potential for air travellers to unwittingly transport infectious diseases around the world.
18
The outbreak of World War Two in 1939 temporarily disrupted the development of commercial aviation. The conflict stimulated rapid advances in military aircraft design, propulsion, and production methods which would ultimately transform post-war aviation.
The development of the gas turbine (or 'jet') engine, which occurred independently in Great Britain and Germany during the 1930s, enabled the construction of new jet-powered military aircraft that could accelerate more quickly, fly faster, fly higher, and outmanoeuvre all existing aircraft. However, while jet flight enhanced the performance of military aircraft, it also imposed a number of significant physiological demands on the human body and new equipment, including g-suits, free flow oxygen systems, and pressurised flightdecks, were developed in an effort to overcome them. 19 After 1945, a number of leading aeromedical scientists in Germany were encouraged to move to the United States and share their expertise. However, even after the war, the global research agenda for aviation medicine remained firmly rooted in the discipline of military aero-and astronautics and the effects of flying on commercial airline passengers did not (at least initially) receive equivalent attention.
17 Cobham 1926. 18 In response, a set of internationally binding sanitary regulations were developed to combat this threat, including the 1929 Parisian Congress on Sanitary Aviation and the 1933 Sanitary Convention for Aerial Navigation, the latter of which addressed the threats posed by Cholera, Plague, Smallpox, Typhus, and Yellow Fever (see Budd et al. 2009 ). 19 Harrison 2005b, 2005c . As a consequence, de Havilland developed a sophisticated life support system which used 'bleed air' (which had bypassed the engines' central combustion chambers) to artificially pressurise, oxygenate, warm, and humidify the air in the passenger cabin so that its occupants could breathe without the use of oxygen masks and enjoy a comfortable 'shirt sleeve' environment. 20 Using this system, the aircraft's internal cabin environment was artificially pressurised and stabilised at an atmospheric pressure and oxygen concentration equivalent to around 8,000ft.
However, while the system enabled passengers and crew to breathe unaided, it also subjected the aircraft's fuselage to unprecedented pressure differentials between the internal cabin environment and the atmosphere outside. Despite rigorous testing, several Bateman and Preston 1970; Bergin 1961; B.O.A.C. 1946a , 1946b Turner 1968. health effects would only be temporary and would not have a lasting impact on passengers' physical or psychological health. In the discussion that follows, we identify four distinctive characteristics of jet flight -the increased size, speed, range, and altitude of jet aircraft -and, using archival material from the BAHC, we show how they created new passenger health concerns which transformed practices of commercial aviation medicine.
30
One of the most striking features of the early jet age was the rapid increase in the size and passenger capacity of jet aircraft. In the 20-year period between the first flights of the Comet, in 1949, and the B747-100, in 1969, passenger capacity increased from 36 to 452, and the length, width, and height of aircraft almost doubled (Table 1) . that the presence of large numbers of passengers, all of whom were breathing the same pre-conditioned air, drinking from the same potable water supply, eating similar meals, touching the same surfaces, sharing a limited number of sanitary facilities, and sitting immobile in their seats for many hours at a time, increased the risk of disease transmission and ill health. In response, the airline's medical personnel recommended that cabin air filtration systems should be installed, protocols to safeguard in-flight hygiene devised and implemented, and written advice be introduced that outlined the steps individual passengers could take to safeguard their health and wellbeing while in the air.
32
Paralleling the increase in the size of commercial jet aircraft was an increase in the maximum speed at which they could fly. Increased airspeed, though reducing journey times for travellers, had a number of unintended consequences for human health. While jet aircraft accelerated the phenomenon of 'time space compression' that had been occurring since the era of the horse-drawn carriage, they also created a new chronobiological condition in which passengers' circadian rhythms were disrupted. 33 35 Hauty and Adams 1966a , 1966b , 1966c Turner 1968 . The introduction of supersonic Concorde services by B.O.A.C.'s corporate successor, British Airways, in 1976, took the compression of time and space to new extremes. Cruising at Mach 2.2 (over twice the speed of sound), Concorde enabled passengers to 'arrive' in New York before they had departed from London (as the three hour flight time across the Atlantic was less than the time difference between the two cities) and watch the sun set twice in 24-hours (firstly on departure from London and then again on arrival in New York). Far from being perceived as a problem, however, the chronobiological disjunction Concorde created was promoted as an asset that enabled travellers to 'save time' by being in two places at once. 36 B.O.A.C. 1968a.
refuelling stops on long haul flights. The resulting improved range of passenger jets enabled ever greater distances to be covered during the course of a single journey and they allowed airlines to inaugurate non-stop direct services between ever more distant airports. However, while the aircraft were able to perform such flights, concern was expressed as early as the mid-1950s that longer flight times, coupled with substantial periods of seated immobility, could promote the development of potentially serious circulatory problems and/or oedema in passengers' lower limbs. In addition to attempting to prevent (or at least delaying the start of) immediate physical discomfort of flying, B.O.A.C. had to contend with other, less obvious and immediate, threats to passenger health and wellbeing. These less tangible threats resulted from the higher altitudes at which jet aircraft flew. In order to maintain an internal cabin pressure equivalent to 8,000ft above sea level when cruising at altitudes of 30,000ft and higher, it was necessary to force compressed air from the engines into the passenger cabin. While the use of 'bleed air' enabled passengers to breathe unaided, any failure in the cabin air supply could be catastrophic as the effects of hypoxia at 30,000ft could manifest themselves after several seconds and humans could be incapacitated in under a minute.
As a result, an emergency oxygen supply was installed in the cabin. Any failure in the cabin air supply would cause individual oxygen masks to be deployed from the panel above the passengers' heads. This system would supply enough oxygen to sustain consciousness until the aircraft was able to descend to a lower altitude where passengers could breathe unaided.
Although an internal cabin pressure equivalent to 8000ft was adequate for fit and healthy passengers, elderly or very young travellers, or patients with chronic cardio-respiratory conditions, found that the relative lack of oxygen could be problematic, and lead to breathing difficulties, chronic headaches, and feelings of pain or 'fullness' in the inner ear and sinuses. In response, all B.O.A.C. aircraft carried medical bags which contained aspirin and other analgesic preparations and basic first aid kit and cabin crew were able to deliver supplementary oxygen to passengers if they needed it. One of the most frequent causes of discomfort, pain in the inner ear and sinuses, usually occurred during takeoff and/or landing when changes in barometric pressure were most pronounced. B.O.A.C.
advised passengers that:
'The alteration in pressure when the aircraft is landing may temporarily affect your ears but you will find that swallowing, pinching the nostrils and blowing, or sucking a sweet will relieve most of the discomfort. If you suffer from sinus trouble or have a heavy cold you may need the additional help of an inhalant.
Please ask the Stewardess for an inhaler…Babies can be given a dummy to suck and should not be discouraged from crying at this time as this is nature's way of assisting them to clear their ears '. 48 Concern was also expressed that changes in cabin pressure might cause problems for passengers who had undergone abdominal or dental surgery within the previous four weeks or for individuals who had 'delicate' digestive systems. B.O.A.C. advised passengers to refrain from flying within a month of certain surgical procedures, such as hernia repair operations, and warned that abdominal distension and/or flatulence were relatively common side effects of flying. 49 In order to reduce the potential discomfort to individual passengers and preserve 'fresh' air in the cabin, B.O.A.C. advised travellers to avoid consuming large meals or carbonated drinks immediately before or during a flight and suggested that eating small quantities of food more regularly would help avoid feelings of digestive 'sluggishness' and bloating.
50
A further potential health problem that related to the altitude at which jet aircraft flew concerned the temperature and the dryness of the air that was supplied to the cabin. At an altitude of 35,000ft the atmosphere is not only less dense, but the air is also considerably colder and drier than that at ground level. Consequently, the bleed air from the engines was passed through air conditioning packs where it was filtered, warmed, and humidified before being supplied to the passenger cabin. Nevertheless, the air remained appreciably drier than 'normal' air and, to combat dehydration, which was reportedly a leading cause of passenger discomfort, B.O.A.C. installed cabin air humidifiers and advised passengers to drink plenty of water and fruit juice, avoid caffeinated, carbonated, or alcoholic drinks, regularly moisturise their skin and lips to prevent cracking, and wear conventional spectacles in preference to contact lenses.
The volatile price of crude oil in the late 1960s and 1970s prompted many airlines, including B.O.A.C., to progressively reduce the volume of bleed air that was taken from the engines and increase the quantity of air that was recycled around the cabin. While this reduced the airline's fuel costs, it also had the effect of increasing the risk of disease transmission between passengers owing to the presence of re-circulated air. While air filtration packs removed many pathogens and particulates, they were unable to remove engine fumes which could, on occasion, contaminate the cabin air supply. Despite such interventions, however, B.O.A.C. had only a limited capacity to influence passenger behaviour. Indeed, while the airline sought to empower their passengers to 'take good care of themselves' through the provision of in-flight health advice, the company could neither enforce appropriate behaviour nor eliminate all risks. As we have shown, higher capacity aircraft, whilst lowering the monetary cost of air tickets, increased the risk of disease transmission between passengers; rapid trans-longitudinal travel resulted in a new chronobiological condition of 'jet lag'; longer flight times raised concerns about immobility, venous embolism, and food hygiene; prolonged high-altitude flight heightened the risk of dehydration; and changes in barometric pressure could cause ear and sinus pain. 52 In addition, flight exposed passengers and crew to ionizing radiation and higher levels of atmospheric ozone. However, as relatively little was known about the longterm health risks of exposure, and, arguably, the airline did not want to discourage potential customers from flying, no mention was made of these risks in the material we
consulted.
This has a number of important consequences for the social history of commercial aviation medicine. In chronicling the evolving patterns and practices of flight and the changing nature of the health advice B.O.A.C. offered, we posit that the coming of the jet age fundamentally altered the relationship between airlines and their customers and changed aeromedical practice. Airlines were dependent on their passengers for revenue and profit, while passengers relied on their airline providing a safe and comfortable service that would not harm their health. Given that the average passenger in the 1950s and 1960s knew relatively little about aviation or its potential health effects, airline operators were obliged to 'take good care of them' by alerting them to potential risks to their health and wellbeing and advising them on the steps that could be taken to reduce the risks that had been identified. However, the decision about which risks to communicate to passenger was, we argue, informed not only by medical knowledge but also influenced by the politics of airline marketing and the need to present jet air travel as a modern, exciting, and safe mode of transport in order to generate and sustain passenger demand. Consequently, the severity of certain (albeit relatively uncommon) health risks associated with flying, such as DVT, although known as early as the mid-1950s, were not explicitly communicated to passengers as the airlines were caught between a moral and a commercial imperative to protect passenger health (and thereby safeguard their reputation) on the one hand and a financial imperative to protect the company's profit on the other. In addition to discussing the aeromedical implications of jet flight on airline passenger health, the paper has sought to highlight how a sub-discipline of aviation medicine -concerned with commercial air travel -which developed in the early jet age, has shaped contemporary understandings of airline passenger health and customer wellbeing in the air.
